greater accuracy for determining the age of these sediments.
Advances in both technology and biostratigraphy since Cushman's day makes re-examination of the faunas from these type localities worthwhile.
During a recent visit to the Smithsonian Institution, Washington D.C., one of us (MAK) traced the whereabouts of C u s h m a n ' s original samples from the Eocene a n d Oligocene of Trinidad. In total, Cushman & Renz and C u s h m a n & Stainforth described 55 n e w taxa of foraminifera from the Navet, San Fernando, and lower Cipero Formations, many of which to our knowledge have escaped the attention of subsequent workers (Appendix 1). The p r i m a r y goal of this s t u d y is to revise t h e biostratigraphy of Cushman's type samples used in these classic s t u d i e s w i t h detailed observations, thereby providing more accurate age assignments for the type localities of foraminiferal taxa described by Cushman & Renz a n d C u s h m a n & Stainforth.
Because the lithostratigraphic units in Trinidad can be precisely dated by the use of nannofossils and planktonic foraminifera, this provides an excellent opportunity to calibrate bathyal benthic foraminifera to the s t a n d a r d low-latitude biostratigraphic framework. This study is part of a revision of the Paleogene benthic foraminifera described from Trinidad.
PREVIOUS STUDIES The rich fossiliferous deposits of Trinidad have been s t u d i e d since t h e m i d d l e of the nineteenth century.
Knowledge of their micropalaeontology was already advanced by 1892, when Guppy published a general study of the "Microzoic Deposits of Trinidad" which spoke of a "series of grey marls" containing "Glohigevina and other foraminifera". Detailed foraminiferal research of the Navet and Hospital Hill marls and the Cipero Formation was undertaken subsequently by Cushman & Rena (1948) and Cushman & Stainforth (1945) .
Navet Formation
In 1948, Cushman & Renz described the extremely rich foraminiferal fauna that had been deposited in "typical marine, open sea a n d w a r m water" environmental conditions similar to those of the underlying Lizard Springs Formation (Cushman & Renz, 1946) and the overlying Cipero Formation. The Navet formation was characterised by "light gray and greenish-gray, khaki-weathering marls a n d marly clays". It displayed n o "continuous o r undisturbed outcrop sections" but in southern Trinidad was seen to grade conformably down into the Lizard Springs Formation and u p into the overlying Hospital Hill marl. A stratigraphic sequence based upon faunal evidence was identified from top to bottom (see Cushman and Renz, 1948 for exact localities):
Penitence Hill marl Fitt Trace -Navet River -Nariva River marl Friendship Quarry -Dunmore Hill marl Ramdat marl
Cushman & Renz dated the Navet Formation as occurring between the "Upper Cretaceous" Lizard Springs Formation and below the upper Eocene Hospital Hill marl. They believed it thus to be "?Palaeocene to lower-middle Eocene". The age w a s based u p o n t h e occurrence of the genus Hantkeizina, present throughout the Navet Formation, excluding the Ramdat marl. This indicated that the Ramdat marl at the base of the Formation had an age of "older than early Eocene" (Cushman & Renz, 1948) . The Paleogene Formations of Trinidad are described below.
San Fernando Formation.
The San Fernando Formation contained a rich foraminiferal fauna between the Navet and Cipero Formations but there were a number of species restricted to it. These were typified by Hail tkeiziiia alabamerzsis Cushman var. prinzitiva Cushman & Jarvis and, more rarely, Bulimina jacksoizensis Cushman, which led Cushman & Renz to regard this fauna as "typically upper Eocene" in age. Bolli (195%) believed Cushman & Renz's stratigraphic sequence to be "tentative", as it was based on "isolated, small outcrops and subsurface occurrences". In a t t e m p t i n g to p r o v i d e a planktonic zonation scheme, h e s t r o v e to counterbalance these unfavourable conditions by studying a large number of samples. Age assignments for the Navet and San Fernando Formations can be compiled by reference to Bolli (195%) w h o calibrated his s a m p l e s by m e a n s of planktonic foraminifera (Figure 1 (1985) , and also to the revised P-zones of Berggren & Miller (1988) .
Revision of the chronostratigraphy by these authoritative studies reveals that the samples can be dated accordingly: t h e Navet Formation samples extend from Zone P10 (Friendship Quarry marl) through P11 (Dunmore Hill marl), Zone P12 (including both the Navet River and Near Fitt Trace marls) and Zone P13 (Penitence Hill marl). The age of the Hospital Hill marl proved more difficult to establish - Bolli (1957) Oligocene to "middle" Oligocene.
The "Bamboo Clay" unit divides Zone I from Zone I1 yielding an age of "middle" Oligocene by the occurrence of larger foraminifera of the genus Lepidocycliin~ (Vaughan & Cole, 1941) .
Zones I1 and 111 [middle (Globigeriiiatella insueta) and upper (Globorotalia foksi) Zones] are positioned above the "Bamboo Clay" and were regarded as " not older than middle Oligocene."
In 1957, Bolli added another zone to that of Cushman & Stainforth's scheme, and in his 1959 study of planktonic foraminifera from the Cipero Formation, Bolli regarded it as lower Oligocene to lower Miocene. The Cipero Formation is now regarded as extending from the lower Oligocene to the lower middle Miocene (Bolli & Saunders 1985) (figure 2).
MATERIAL AND METHODS
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Methods
All the samples used in this study had previously been washed, and no further preparation was needed. The samples were picked, divided into benthic and planktonic foraminifera and mounted onto faunal reference slides. Preservation of the specimens was good, except in the Friendship Quarry and Dunmore Hill marl samples in which the planktonic foraminifera displayed calcitic overgrowths. Planktonic foraminifera were collected in order to facilitate a direct calibration to the standard planktonic foraminiferal zonations. For the Eocene Navet and San Fernando Formations, the zonation scheme of Berggren & Miller (1988) was used throughout this study. The same procedure was adopted for updating the biostratigraphy of the Cipero Formation samples; using zonal schemes of Bolli (1957 ), Bolli & Premoli Silva (1973 , Bolli & Saunders (1985) , against which the P-zones of Berggren & Miller (1988) were compared.
Nannofossil slides were made from each sample either by picking small fragments of loose matrix or by selecting several planktonic foraminifera and crushing them to free the matrix enclosed within. The smear preparation technique was used whereby a drop of distilled water was added to the crushed sediment on the slide, smeared and then dried on a hot plate. Ultraviolet light curing mounting medium was used to fix the coverslip. All slides are housed in the Micropalaeontological Collections of University College London. The recorded nannofossil assemblages have been interpreted in terms of Martini's (1971) worldwide zonal scheme. In some instances the nominate taxa for the Martini zones have not been recognised during this study. However, the assemblages are diverse and contain many of the species that are characteristic of the particular Martini zone cited in this text. The stratigraphic range of some taxa have been derived from Perch-Nielsen (1985) .
RESULTS
Biostratigraphical Calibration
Calibrating the biostratigraphical ranges of the benthic for a mini f e r a to the stand a r d p 1 a n k t o ni c framework necessitated examining characteristic planktonic foraminifera1 species in each sample and comparing the zonal assignments yielded by the planktonic specimens with the benthic foraminiferal data. Using the zonal scheme of Berggren & Miller (1988) , planktonic zonal markers were identified in all of the samples and the results are listed in 388 Navet River marl This sample was originally thought to be from Zone P12 (Morozovella lehneri), but is here reassigned to the uppermost part of Zone P11 based upon the occurrence of
Morozovella aragonensis, H a n t k e n i n a d u m b l e i and G 1 o b ig e r i n a the ka
Specimens of Globigerinatheka mexicana mexicana, Morozovella lehneri, Subbotina f r o n t o s a and a transitional form between
Turborotalia cerroazulensis pomeroli and T . cerroazulensis posagnoensis were also present. This sample did not yield nannofossils.
m e x i ca n a bar r i .
Near Fitt Trace marl
This sample correlates with the middle part of Zone P12. Globigerinatheka subconglobata curryi was present, as well as two specimens that are transitional to Globigerinatheka subconglobata euganea. Turborotalia cerroazulensis pomeroli, Morozovella lehneri and H a n t k e n i n a dumblei were also present. However Morozovella aragonensis and Orbulinoides beckmanni were not found. The nannofossils in this sample were indeterminate because of their low abundance and poor preservation.
387 Dunmore Hill marl Bolli (1957b) 391 & Stop 9: Hospital Hill marl Previous studies were unable to establish a precise age for this sample. However we determined that Sample 391 correlates with the lower part of Zone P15. This age is based upon the presence of G l o b i p r i n a t h e k a semiinvoluta, and-the co-occurrence of Clavigerinella eocaenica eocaenica and C. eocaenica jarvisi, which become extinct in the middle of Zone P15. Because muricate forms should have been extinct by the late Eocene, the discovery of a couple of specimens of Acarinina leads us to believe that this sample experienced slight reworking or contamination. However, the sample contains high relative abundances of Turborotalia cerroazulensis, T. cocoaensis, and Catapsydrax dissimilis, which are typical for the late Eocene in the Atlantic. This sample contains a poorly-preserved, lowabundance nannofossil assemblage consisting of late Eocene and reworked early to middle Eocene taxa. The in-situ late
Eocene taxa include Cyclicargolithus floridanus, Ericsonia formosa, Discoaster barbadiensis, D. saipanensis, Reticulofenestra u m b i l i c u s , S p h e n o l i t h u s p r e d i s t e n t u s , S . radians, and
Helicosphaera euphratis. This total assemblage is characteristic of Zone NP18. Early to middle Eocene taxa present in the assemblage include Discoaster lodoensis (common) and D. keupperi.
The "Stop 9 "sample was dated as Zone P15 because it also contains Globigerinatheka semiinvoluta in addition to the above species, but without Clavigerinella and the muricate forms. However, this sample yielded a mixed assemblage of early late Eocene and early to middle Eocene nannofossils. 
CONCLUSIONS
The results of our planktonic foraminiferal and nannofossil analyses provide a chronostratigraphic framework for revising the classic taxonomic studies of Cushman and Renz (1948) and Cushman and Stainforth (1945) . Our age calibrations of Cushman's samples and those of previous studies although substantially similar, show clear points of differentiation. Sample 388 (Navet River marl), thought previously be Zone P12 in age, is now reassigned to the upper part of Zone P11. A distinct change in the stratigraphic sequence can be seen in Sample 387 (Dunmore Hill marl). The Dunmore Hill marl was previously thought to be in Zone P11, but Cushman's sample is here reassigned to the upper part of Zone P12. It is possible that this sample was not taken exactly from the type locality of the Dunmore Hill marl, or that more than one "P zone" was exposed at the Dunmore Hill locality. This is possible, because the Navet Formation's stratigraphic sequence is tentative, with samples taken from "isolated, small outcrops" (Bolli 1957 57504  57197  57395  57064  57217  57244  57020   43317  43327  43331  43338  43359  43365  43474  44033  43530  43532  43536  43587  43598  43612  43618  43638  43668  43663  43691  43700  43722  43767  43791  43847  43858  43863   AMNH390  P13  AMNH388  P11  AMNH391  P15  AMNH387  P12  AMNH388  P11  AMNH388  PI1  AMNH386  P10 AMNH380 P20/P21 AMNH380 P2O/P21 AMNH380 P20/P21 
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